it should be convenient to use and should allow maximum accessibility, particularly when working in the vicinity of the animal's head; the mechanism should be quiet for the comfort of both operator and animal; the unit should be portable.
2 units have been developed, one with a single mask, and one with a double mask which allows 2 operators to work with the same piece of apparatus and vaporizer. A single mask unit based on a similar design is now available from J. W. Turner (Liverpool) Ltd, Buckland Street, Aigburth, Liverpool, L 17 7DS, UK.
Anaesthetic vapour is delivered from a calibrated vaporizer through polythene tubing to a mask made from hard plastic tubing. This gas delivery tubing is placed within a length of larger bore flexible tubing to which suction is applied using an electric fan. 1:he flow rate in the outer tubing and the relative positions of the concentric masks ( Fig. 1) were adjusted to ensure that gas or vapour escaping around the edges of the inner tube was aspirated into the outer tube and passed to atmosphere through a charcoal absorber ('Cardiff Aldasorber';
Shirley Aldred & Co Ltd, Worksop, Nottinghamshire, S80 3EY, UK) which removes the volatile anaesthetic. The gap between the outer and inner tubes forming the mask is covered with a fine wire mesh to prevent the aspiration of hair released during preparation of the operative site. A double mask system is illustrated in Fig. 2 .
Studies were performed with halothane to examine the efficiency of the apparatus as an instrument for the induction and maintenance of anaesthesia, and to ascertain minimum effective fresh gas flow rates and inspired anaesthetic concentrations. Anaesthetic vapour was delivered in oxygen from a temperature compensated vaporizer ('Fluotec Mark 3'; Cyprane Summary A minimum fresh gas flow of I litre per minute per mask and an inspired concentration of 2-3% halothane was required to induce anaesthesia in rats in 1-2 min. Anaesthesia was maintained with an inspired concentration of 1·5-2% halothane. Arterial carbon dioxide concentration increased during anaesthesia and was not reduced by increasing the flow of fresh gas.
Using the apparatus described here, halothane vapour concentration in the operator's breathing zone was 5 ppm. Prior to its introduction, levels of 250 ppm had been recorded in a poorly-ventilated animal room.
Although
it has been suggested that trace concentrations of anaesthetics may affect the psychomotor performance of operating theatre personnel (Bruce, Bach & Arbit, 1974) , the balance of experimental evidence indicates that concentrations of halothane much higher than to ppm are required to produce detrimental effects (Smith & Shirley, 1978) . A recent review of possible hazards in operating theatres concluded that the risk of spontaneous abortion appeared to be increased in association with anaesthetic practice (Spence & Knill-Jones, 1978) . Although there is no direct evidence to implicate contamination by anaesthetics, it is sensible to take reasonable precautions to reduce that contamination.
The system commonly used to anaesthetize rats with gaseous agents utilizes a continuous flow of a vapour mixture, delivered through a face mask. This invariably leads to a considerable escape of anaesthetic vapour into the operator's breathing zone. Our objective was to evaluate the effectiveness of a system designed to limit this atmospheric contamination to an acceptable and reasonable level.
Materials and methods
A piece of apparatus was constructed to conform with the following design requirements: the scavenging apparatus should be self contained to avoid the need for modifications to buildings or ventilating systems;
To absorber -.•• --- was 2%. This indicated that with an open mask the gases delivered were being diluted by gas drawn in by the suction system. A double mask system was used to anaesthetize groups of rats with a range of concentrations of halothane and a range of fresh gas flow rates. Halothane was vaporized in oxygen and, following induction, anaesthesia was maintained for 10 min. Induction and recovery times (loss and recovery of righting reflex) were noted, respiratory rate was counted and reflex depression (pedal withdrawal reflex) and muscle relaxation were evaluated 2 and 5 min after induction of anaesthesia.
Ltd, New Devonshire House, Scott Street, Keighly, Yorkshire, BD21 2NN, UK) and the concentrations produced at the mask with a range of fresh gas flow rates and vaporizer settings were measured by gas chromatography. A glass cone was clamped in position in the mask to simulate the gas flow conditions expected to occur in use and a I ml gas-tight syringe was used to collect the vapour samples. When taking a sample the syringe was clamped in position to ensure that vapour was always aspirated from the same point, I cm inside the centre of the mask. A gap of I mm was allowed between the outer surface of the glass cone and the inner surface of the mask (Fig. 3) . To minimize the effect of anaesthetic uptake into the plastic of the tubing delivering the vapour, the system was allowed to run for 20 min at any given setting before a mask sample was taken. At least 2 samples were taken at each flow rate examined, and the concentrations measured at the mask were compared with those found in samples obtained by needle puncture of the tubing leaving the vaporizer. In initial experiments, when no cone was used, vapour concentrations at the mask were no greater than 0·6% when the output of the vaporizer 
• None detectable.
Rats were prepared with chronically implanted carotid arterial cannulae to allow samples to be collected for blood gas analysis prior to and during anaesthesia. Samples of blood (250 ,Ill)were collected in a 500 ,u1heparinized syringe and analysed in an automatic pH/blood gas system (Model 175; Corning Medical, Halstead, Essex, C09 2DX, UK). In this part of the study the effect of different fresh gas flow rates on arterial carbon dioxide concentration was investigated.
Levels of halothane in the laboratory environment were measured with an infrared gas analyser ('Miran I'; Foxboro Analytical Ltd, 28 Heathfield, Stacey Bushes, Milton Keynes, Buckinghamshire, MK 12 6HR, UK) operating at 12·5 ,urnand a pack length of 20·25 m.
Results
The vapour concentrations produced at the mask with a range of fresh gas flow rates and vaporizer settings (Tables I and 2) show that with fresh gas flows of 1 l/min or more the concentrations of anaesthetic vapour delivered at the mask were similar to those produced by the vaporizer. The vaporizer used in this study was found to give concentrations slightly in excess of those indicated by the dial.
The results given in Table 3 show that with the double mask system anaesthesia was easily induced in 1-3 min in all cases. Maintenance with 3% halothane produced some respiratory depression and a delay in recovery times. Maintenance with 2% halothane was sufficient to abolish the pedal withdrawal reflex and provided good muscle relaxation. The minimum effective total gas flow was found to be 2 l/min (1 l/min per mask).
The results of the blood gas analyses are given in Table 4 . During anaesthesia arterial carbon dioxide concentration rose and acidity increased. Calculation of base excess levels indicated that no metabolic acidosis occurred, the fall in pH being entirely due to a respiratory acidosis. Increasing the fresh gas flow rate from 1 to 2 l/min had no significant effect on arterial carbon dioxide concentration. This indicates that the respiratory acidosis was due to respiratory depression rather than an increase in rebreathing imposed by the added dead space inherent in the mask system. Measurement of atmospheric levels indicated that over a 2 h operating period the concentration of halothane in the operator's breathing zone was generally less than 2 ppm. Increases to 5 or 10 ppm were seen when the head of an animal was withdrawn slightly from the mask. A similar increase was not seen 1·0  1·0  0·99  0·92  0·93  1·0  2·0  0·98  0·96  0·97  1·0   3·0   2·0  1·0  2·14  1·89  2·05  2·0  2·0  2·04  2·01  2·00  2·0  3·0  2·13  2·13  2·08  3·0 1·0 3·24 3·05 3·06 • A flow of II/min was insufficient to induce anaesthesia with both masks in use: results were obtained with one mask closed. when an animal was removed completely from the mask. Levels of 4-7 ppm were detected close to the exit from the charcoal absorber.
Discussion
The apparatus described fulfils the initial design requirements, is simple to use and has effectively reduced the levels of halothane present in the laboratory.
The plastic materials used in the construction of the apparatus may not be ideal in that they will absorb a certain amount of anesthetic which will subsequently be released to the atmosphere (Enderby, Askill & Bushman, 1977) . The magnitude of this effect was not th()ught to be sufficiently great to warrant replacement of the tubing with harder materials which would have made the mask system less malleable and more likely to move from the desired operating position.
The useful life of a charcoal absorber will depend on the concentration of anaesthetic being presented to it and the total fresh gas flow being used. Enderby be able to absorb a total of 142 ml of liquid halothane before the effluent concentration reaches an unacceptable level. From this it can be calculated that an absorber would be able to accept a flow of I l/min of 2% halothane for 26 h. Charcoal absorbers do not absorb nitrous oxide, and if this agent is used the effluent gases should be ducted to the exterior of the building. Because of the possibility of the fan motor sparking, this type of apparatus must not be used with flammable anaesthetic agents.
While this instrument was being developed a similar mask system was described by McGarrick & Thexton (1979) . A similar system has also been utilized in the Brown nasal mask, and the effectiveness of this mask in limiting nitrous oxide pollution in the dental surgery has recently been evaluated by Davis & Parbrook (1979) .
